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INTRODUCTION 
The larvae of the western corn rootworm, Dlabrotica virgifera 
LeConte, were first observed feeding on the roots of sweetcorn in 
northeastern Colorado in 1909 (Gillette, 1912). By 1950, this insect 
was prevalent throughout the river valleys of Nebraska, Colorado and 
Kansas. Prior to this time, cultural practices and crop rotations were 
the primary means of controlling this pest. In the subsequent years, 
advancements in agricultural technology, particularly the development of 
the chlorinated hydrocarbon soil insecticides and the availability of 
low cost nitrogen fertilizers, made the growing of continuous corn a 
profitable practice throughout the Corn Belt. As cropping practices 
changed, the western corn rootworm began an eastward movement and at the 
present time it is the predominant pest species of corn throughout 
Colorado, Wyoming, Kansas, Iowa and Nebraska, and is present in portions 
of Missouri, Illinois, Indiana, Wisconsin, Minnesota and South Dakota. 
The movement of the western corn rootworm across the Midwest and the 
development of resistance to the chlorinated hydrocarbon insecticides 
and diazinon, an organophosphorous compound, have made this insect a 
limiting factor in corn production. 
Evaluation of candidate insecticides for western corn rootworm 
control has moved rapidly and has resulted in several promising compounds 
throughout the last 20 years. Concurrently, application methods have 
been developed to utilize these compounds more effectively and econom­
ically. Several of these methods of application have been adapted for 
commercial farming operations throughout the Corn Belt at one time or 
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another during this period. These methods of application included the 
following: broadcast treatments prior to planting time, band treatments 
at planting time, fertilizer-insecticide combinations at planting time 
and post-plant treatments at cultivation time. 
Up to the present time there has been no comprehensive study to 
evaluate these methods of application. Therefore, the objectives of 
this investigation have been to: 
1. Determine the most effective method of application for the 
control of western corn rootworm larvae using insecticides which were 
recommended by the Iowa State University, Cooperative Extension Service 
in 1968 and 1969. 
2. Compare the effectiveness of granular and liquid insecticide 
formulations applied by these methods of application. 
3. Compare recommended and reduced rates of treatment applied by 
these methods of application. 
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REVIEW OF LITERATURE 
Historically, the chemical control techniques that have been 
developed for the western corn rootworm, northern corn rootworra, 
Diabrotica longicornis (Say), and southern corn rootworm, Diabrotica 
undec impunc ta ta howardi Barber have been quite similar and often inter­
related. Consequently, the review that follows includes citations dealing 
with all three species. 
In 1905, Chittenden stated, with reference to the southern and 
northern corn rootworm, "For the rootworm the use of insecticides on grow­
ing corn is impracticable. In fact, we cannot reach the rootworm stage to 
any extent with poisons." This fact remained intact for more than forty 
years during which time control of corn rootworm larvae was solely depend­
ent upon crop rotations and cultural practices. The release of DDT and 
its chlorinated hydrocarbon analogs to the commercial market following 
World War II marked the beginning of a new era of chemical insect control. 
Research and development of these compounds flourished, and in 1946 Fulton 
found that soil application of DDT and benzene hexachloride gave promise 
as a practical means of controlling the southern corn rootworm larvae on 
sweetcorn. Further evidence of the effectiveness of these compounds for 
the control of the same species was demonstrated by Grayson and Poos 
(1947) on peanuts. 
Hill et al. (1948) found that lindane applied as broadcast treatments 
at rates of 0.5, 1.0 and 2.0 pounds per acre, and cultivation treatments 
applied at rates of 0.8, 1.6 and 2.4 pounds per acre, significantly 
reduced populations of western, northern and southern corn rootworm larvae, 
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thus reducing root damage and lodging at harvest time. Results of a sub­
sequent study (Muma et al. 1949) further substantiated the effectiveness 
of 1.0 and 2.0 pounds per acre rates of lindane applied as a broadcast 
treatment. 
Results of a series of experiments conducted in Iowa (Cox and Lilly, 
1953) indicated that three methods of insecticide application, broadcast 
treatments prior to planting time, band treatments sprayed in the planter 
shoe trench and band treatments of fertilizer-insecticide or sand-
insecticide combinations applied at planting time, gave effective control 
of northern corn rootworm larvae. The most effective control with broad­
cast treatments was obtained with aldrin and lindane at rates of 8, 12 
and 16 ounces per acre and chlordane and dieldrin at a rate of 12 ounces 
per acre. Aldrin, chlordane, dieldrin and heptachlor each at a rate of 
8 ounces per acre resulted in good rootworm control when sprayed as a 
band treatment over the planter trench. Combination of fertilizer with 
aldrin, chlordane and dieldrin wettable powder formulation applied at 
planting time as a starter fertilizer mixture at a rate of 1.0 pound of 
actual toxicant per acre resulted in effective rootworm control. Similar 
results were achieved with wettable powder formulations of aldrin and 
chlordane in combination with sand applied at planting time with a starter 
fertilizer attachment at a rate of 1.0 pound per acre. This study was 
continued during 1953 (Lilly, 1954) and resulted in several promising 
methods of application. The results of this study indicated that hep­
tachlor, aldrin, lindane, dieldrin, endrin and isodrin gave equally 
effective control of corn rootworm larvae when applied as pre-plant and 
pre-emerge treatments. Mixtures of starter fertilizer and granulated 
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Attaclaj/^ formulations of aldrin, heptachlor and chlordane resulted in 
highly significant reductions in populations of northern corn rootworms 
when applied at planting time. 
Burkhardt (1954), working in Kansas in an area that was predominantly 
infested with the western corn rootworm, reported that band treatments of 
aldrin, heptachlor and lindane applied at rates of 0.25 and 0.5 pound per 
acre and chlordane at rates of 0.5 and 1.0 pound per acre resulted in 
significant reductions in plant lodging and larval counts. Results in­
dicated that there were no differences in the performance of the compounds 
when applied either as an emulsifiable concentrate sprayed in a band 
behind the planter shoe or as a mixture of fertilizer and wettable powder 
formulation applied in a band with the fertilizer attachment of the planter. 
Results of these tests also indicated that there were no differences 
between the higher and lower application rates. 
Studies were conducted during 1954 and 1955 (Apple, 1957) in 
Wisconsin to evaluate the effectiveness of reduced dosages of aldrin and 
heptachlor in controlling the northern corn rootworm. Results indicated 
that both insecticides were equally effective when applied as broadcast 
treatments at a rate of 1.0 pound per acre and a band treatment of 0.5 
pound per acre of granular insecticide mixed with starter fertilizer. 
When dosage rates were reduced by one-half, the heptachlor treatments 
were as effective as the higher rates of this compound, while the reduced 
rates of aldrin resulted in substantially less effective control. Results 
of these studies also indicated that granular formulations of these com­
pounds were as effective as emulsifiable sprays when applied as broadcast 
treatments. Additional studies (Apple, 1960) indicated that 0,5 
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pound per acre of granular formulations of aldrin and heptachlor, applied 
in the row at planting time, were as effective as broadcast treatments 
prior to planting. 
A study was conducted in Wisconsin (Apple, 1961) to evaluate four­
teen candidate insecticides, applied as granular formulations in the row 
at planting time, for their effectiveness in controlling the northern 
corn rootworm. Results indicated that Telodrin® (1,3,4,5,6,7,8,8 
octachloro 3a,4,7,7a-tetrahydro-4,7-methanophthalan) at rates of 1.0 and 
2.0 pounds per acre, phorate and diazinon at 1.0 pound per acre and di-
sulfoton and carbophenothion at 2.0 pounds per acre, were the most 
effective of the compounds tested. These results were further substan­
tiated in a subsequent study (Apple, 1962). 
The effectiveness of row treatments of various granular formulations 
of aldrin and heptachlor was reported by Burkhardt (1962) on the western 
corn rootworm and by Peters and Lovely (1962) on the northern corn root-
worm. Results of these tests indicated that there was little or no 
difference in the performance of these compounds when applied as 5, 10 
and 20 percent granular formulations at planting time. 
By 1962 the chlorinated hydrocarbon insecticides, primarily aldrin 
and heptachlor, were being recommended and widely used throughout the Mid­
west for the control of the northern and western corn rootworm. However, 
in Nebraska, where these insecticides had been used since 1952, the first 
reports of ineffective control by these compounds were noted in 1959.^ 
^R. E. Roselle, L. W. Anderson, R. G. Simpson and M. C. Webb. 1959. 
Annual Report for 1959, Cooperative Extension Work in Entomology, Lincoln, 
Nebraska. Unpublished. 
7 
2 3 
The number of reported failures increased during 1960 and 1961. A study 
conducted by Ball and Weekman (1962) indicated that adults of the western 
corn rootworm collected in central Nebraska required about 100 times more 
aldrin and heptachlor per insect to produce an LD^Q equivalent to those 
insects collected in eastern Nebraska. From these tests, it was concluded 
that the western corn rootworm had become resistant to aldrin and hep­
tachlor. In a subsequent study, Ball and Weekman (1963) reported chlo­
rinated hydrocarbon resistance in the western corn rootworm in the entire 
state of Nebraska and indicated that control problems concerning this 
insect were inevitable in some of the surrounding states. 
Burkhardt (1963) reported chlorinated hydrocarbon resistance in the 
western corn rootworm in Kansas. Aldrin resistance was noted in the 
northern and western species in South Dakota (Howe et al. 1963). Resist­
ance in the northern corn rootworm to the chlorinated hydrocarbons was 
reported in Illinois (Bigger, 1963), Ohio (Blair et al. 1963) (Blair and 
Davidson, 1966) and Wisconsin (Pa te1 and Apple, 1966). Results of a study 
by Hamilton (1965) indicated that adults of the western species were 
resistant to aldrin in western Iowa, northern Kansas, northwestern Missouri, 
southwestern Minnesota and southeastern South Dakota. The northern species 
were found to be resistant to aldrin in localized areas in Illinois, Iowa, 
Minnesota and Wisconsin. 
2 
R. E. Roselle, L. W. Anderson, R. G. Simpson and P. W. Bergman. 
1960. Annual Report for 1960, Cooperative Extension Work in Entomology, 
Lincoln, Nebraska. Unpublished. 
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R. E. Roselle, L. W. Anderson and P. W. Bergman. 1961. Annual 
Report for 1961, Cooperative Extension Work in Entomology, Lincoln, 
Nebraska. Unpublished. 
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In lieu of the chlorinated hydrocarbon resistance situation in 
Nebraska, several candidate insecticides were screened for their effec­
tiveness in controlling the western corn rootworm (Weekman, 1962). Based 
on the data collected from these studies, 1.0 pound of actual diazinon 
per acre applied as a granular formulation in 4- to 7-inch band over the 
seed, was recommended for control of the resistant species in Nebraska. 
Weekman and Lawson (1963) reported in an abstract that diazinon and 
phorate were effective against the western species when applied as granular 
formulations in a narrow band at planting time. From studies conducted in 
Iowa (Peters, 1964 and 1965), it was concluded that granular formulations 
of phorate, diazinon, ethyl parathion and chlorofenvinophos, applied at a 
rate of 1.0 pound of actual toxicant per acre at planting time, were 
effective in controlling the western corn rootworm. Pa tel and Apple (1965) 
reported that fensulfothion, phorate, ethyl parathion, chlorofenvinophos 
and Bu:i^' m-(l-ethylpropyl)phenyl methyl carbamate mixture (1-4) with 
m-(l-methylbutyl)phenyl methylcarbamate were effective in controlling the 
resistant northern species in Wisconsin. 
Throughout the last five years, not only did the search for effec­
tive corn rootworm insecticides continue, but there were also investiga­
tions of several new methods of insecticide application that would utilize 
these compounds more effectively and economically. Studies were conducted 
in Iowa (Peters, 1964 and 1965) to evaluate cultivation applications 
applied as granular formulations over the corn row for control of the 
European corn borer, Ostrinia nubilalis, as well as the western corn root-
worm. Munson et al. (1966), working in Iowa and northern Missouri, 
reported that granular formulations of diazinon, ethyl parathion and 
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phorate applied over the row at cultivation time at a rate of 1.0 pound 
of actual toxicant per acre controlled both the western corn rootworm and 
the European corn borer. 
Musick and Fairchild (1967) concluded that optimum control of the 
western corn rootworm was dependent upon insecticide, date of planting 
and timing of insecticide application. In this experiment phorate, di-
sulfoton and stabilized parathion were applied as either planting time or 
basal treatments to corn planted April 30, May 20 or June 4. For corn 
planted April 30, phorate applied as a planting time treatment was signif­
icantly more effective than the other treatments. On corn planted May 20, 
phorate applied as either a planting time or basal treatment was more 
effective than the other treatments. When corn planting was delayed until 
June 4 there were no treatment differences between either the insecticides 
or application times. 
Peters (1968) reported that the effectiveness of insecticides applied 
over the row at cultivation time was increased with the use of wind shields 
to guide the granular insecticides to the base of the corn plant. Results 
also indicated that, in order for cultivation treatments to be effective, 
the insecticide must be applied shortly after the time of rootworm egg 
hatch and adequate soil moisture must be present to activate the insec­
ticide following application. 
Studies conducted in Illinois (Sechriest, 1968) indicated that post 
emergence applications of phorate and diazinon granules, applied to the 
base of the corn plant at a rate of 1.0 pound of toxicant per acre, effec­
tively controlled western corn rootworm larvae. Bux, Dyfonate® (0-ethyl 
S-phenyl ethylphosphonodithioate, Mocap^ (0-ethyl S^S-dipropyl-
phosphorodithioate), Landrin® (3,4,5-trimethylphenyl methylcarbamate, 
75%; 2,3,5-tritnethylphenyl methylcarbamate, 18%), Baygon® (o-
isopropoxyphenyl methylcarbamate), carbofuran, phorate and fensulfothlon 
were equally effective against the northern species when applied at plant­
ing time at a rate of 1,0 pound of toxicant per acre. In other studies, 
Sechriest and Conterio (1968) concluded that subsurface applications of 
granular insecticides applied in a 14-inch band at planting time resulted 
in significantly less lodging at harvest time, an increased number of 
corn ears and more pounds of shelled corn than did surface applications 
of the same insecticides applied in a 7-inch band at planting time. 
Apple (1968) reported excellent rootworm control with granular and 
liquid formulations of starter fertilizer-insecticide mixtures applied as 
planting time treatments. In general, dual band treatments on each side 
of the seed were more effective than single band treatments. 
Results of an insecticide rate study conducted in Missouri (Musick 
and Fairchild, 1968) indicated that Bux at 0,75, fensulfothion at 0.75 
and 1.0, Dyfonate and carbofuran at 0.25, 0.50, 0.75 and 1.0, and Landrin 
and phorate at 1.0 pound of actual toxicant per acre were effective in 
controlling western corn rootworm larvae. Predicated upon research 
conducted in Iowa during 1967, the Iowa recommendations for corn rootworm 
control in 1968 (Anonymous, 1968) were as follows: 1.0 pound of active 
Bux, Dyfonate, phorate, diazinon, fensulfothion and Landrin per acre 
applied in 7-inch band at planting time, and/or cultivation treatments of 
diazinon, phorate and parathion at 1.0 pound of actual toxicant per acre 
and carbaryl at a rate of 2.0 pounds per acre. 
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Ball (1968) reported that the LD^g values for both diazlnon and 
phorate had increased significantly between 1963 and 1967. By 1968, the 
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LD^Q value of diazinon had increased 2 to 4 times the 1967 value. This 
sudden increase in the value, plus several reports of ineffective 
rootworm control with diazinon in Iowa and Nebraska during 1967 and 1968, 
suggested that the adults of the western corn rootworm were becoming 
resistant to this insecticide. As a result, diazinon as a planting time 
treatment was removed from the 1969 corn rootworm control recommendations 
for Iowa. Consequently, the insecticides that were recommended in Iowa 
in 1969 (Anonymous, 1969) were as follows: granular formulations of 
phorate, carbofuran, fensulfothion, Dyfonate, Landrin and Bux applied at 
a rate of 1.0 pound of toxicant per acre in a 7-inch band at planting time, 
and/or Bux, diazinon, parathion and phorate at a rate of 1.0 pound of 
toxicant per acre and carbaryl at a rate of 2.0 pounds per acre at cultiva­
tion time. 
4 
R. E. Roselie. 1968. Insect Letter 14, Cooperative Extension Work 
in Entomology, Lincoln, Nebraska. Unpublished. 
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METHODS AND PROCEDURES 
During 1968 and 1969, four experiments were conducted to evaluate 
various methods of application for their effectiveness in controlling 
western corn rootworm larvae. The methods of application evaluated were 
as follows: broadcast treatments prior to planting time, band treatments 
at planting time, fertilizer-insecticide combinations at planting time and 
post-plant treatments at cultivation time. 
In an effort to simulate farmer operations, several mechanical innova­
tions were necessary to adapt a John Deere Model 494-A corn planter for 
use in small plot experiments. The basic component used in the application 
of granular insecticides was a Noble® metering unit with a quart-sized 
Nalgene® bottle fitted to it (Figure 1). This device made it possible to 
operate and calibrate a separate applicator for each compound. For the 
planting time band treatments, the applicator was mounted on an adapter 
which fit the presswheel housing of the corn planter (Figure 2). The 
adapter was constructed to allow easy exchange of the individual applicator 
units. The applicator was chain-driven from the planter presswheel. The 
granular insecticide formulations were applied in a 6- to 8-inch band by 
means of a pattern spreader located directly in front of the presswheel 
(Figures 3 and 4). Incorporation of the insecticide into the top 2 inches 
of soil was accomplished with small covering disks which flanked the 
pattern spreader in front of the presswheel. 
The same applicator and adapter were utilized for the application of 
granular fertilizer-insecticide combinations. In this method of applica­
tion, the applicator device was mounted on a 2- by 12-inch wooden plank in 
Figure 1. Granular applicator unit showing Noble® metering unit with 
Nalgene® bottle fitted to it 
Figure 2. Applicator unit and adapter assembly used for the application 
of granular planting, post-plant and fertilizer-insecticide 
combination treatments 

Figure 3. Placement and method of soil 
incorporation of granular planting 
time band treatments 
Figure 4. General view of the method 
used in the application of 
granular planting time treat­
ments 
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the position normally occupied by the fertilizer hoppers of the corn 
planter (Figure 5). The metering units were chain-driven from the fer­
tilizer drive shaft of the planter. The fertilizer-insecticide materials 
were applied through the disk openers 1- to 2-inches to the side of the 
seed. The planter was adapted so that any of the four rows could be 
treated with granular fertilizer. The rows which did not receive either 
a granular or liquid fertilizer-insecticide treatment, were treated with 
pure liquid starter fertilizer applied in a single band by means of a 
gravity flow applicator (Figure 6). 
A manually operated bicycle-wheeled applicator was utilized in the 
application of the granular post-plant treatments (Figure 7). The 
metering unit of this applicator was chain-driven from one of the bicycle 
wheels. In 1969, a tractor mounted applicator based on the same prin­
ciples as the manual powered applicator was designed and constructed to 
further simulate the commercial farmer operation (Figure 8). The metering 
units of this applicator were chain-driven from a hydraulic motor. 
Both applicators distributed the granular insecticide formulations 
evenly over the top of the corn rows by means of a pattern spreader. 
Metal wind shields attached to each side of the spreader aided in guiding 
the insecticide granules to the ground. This type of application resulted 
in 80 to 90 percent of the granules falling to the ground.^ Following 
application, this portion of the insecticide granules was incorporated 
into the top 2 inches of soil by means of a rear mounted tractor 
^W. G. Lovely, Ames, Iowa. Data from granule distribution experiment. 
Private communication. 1970, 
Figure 5. Method of applying granular fertilizer-insecticide combination 
treatraents 
Figure 6. Gravity flow liquid starter fertilizer applicator and general 
view of the corn planter showing method of applying granular 
fertilizer-insecticide combination treatments 
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Figure 7. Bicycle-wheeled applicator used in 1968 for the application of 
granular post-plant treatments 
Figure 8. Tractor mounted applicator used in 1969 for the application of 
granular post-plant treatments 
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cultivator. The remaining 10 to 20 percent of the granules concentrated 
in the leaf sheath region of the corn plant for possible utilization in 
the control of the European corn borer. 
Broadcast granular insecticide formulations were applied with a Noble 
Chemi-Caster® (Figure 9), a commercially available implement for this type 
of treatment. In 1968, the metering units of this applicator were chain-
driven from a ground wheel; however, during 1969 the drive mechanism of 
this applicator was modified to utilize the power supplied by a hydraulic 
motor (Figure 10). As soon as all plots had been treated, the insecticides 
were incorporated into the soil with either a springtoothed harrow or a 
tandem disk. 
Various types of applicators were used in the application of liquid 
insecticide formulations. The planting time liquid band treatments were 
made with a quart-sized Sure Shot® Model A compressed air sprayer 
(Figure 11). The insecticide sprays were distributed through a DelevarP 
FS-3 nozzle at a pressure of 45 pounds per square inch. Placement and 
incorporation of the insecticides into the soil were the same as those 
described for the planting time granular formulations. 
Liquid fertilizer-insecticide combinations were applied with a carbon 
dioxide pressured sprayer, designed and constructed by Shell Development 
Company, Biological Sciences Research Center, Modesto, California. These 
formulations were placed in a 2-inch band on either side of the seed 
directly behind the planter shoe. This type of split pattern was achieved 
with a Delevan 2-FS-5 nozzle (Figure 12). Application pressure of this 
Figure 9. Implement used for the application of granular broadcast 
treatments 
Figure 10. Broadcast applicator with hydraulic motor drive unit used 
during 1969 

Figure 11. Placement and method of apply- Figure 12. Placement and method of applying 
ing liquid planting time band liquid fertilizer-insecticide 
treatments combination treatments 
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sprayer was maintained at 10 pounds per square inch. Soil incorporation 
was accomplished with the small covering disks which have been described 
previously. 
During 1968, liquid formulations of post-plant and broadcast treat­
ments were applied with a multi-tank sprayer developed by W. G. Lovely, 
agriculture engineer. United States Department of Agriculture, Ames, Iowa. 
Operating pressure of this sprayer was supplied by means of a power take­
off driven rotary pump. In 1969, a carbon dioxide pressured sprayer 
developed by W. B. Showers, entomologist, United States Department of 
Agriculture, Ankeny, Iowa, was utilized in the application of these treat­
ments. The post-plant treatments were applied with a short spray boom 
assembled with 2 drops, each of which was equipped with a Delevan FS-3 
nozzle. The short boom was secured to a longer steel rod with Vice-grifJ® 
pliers. This provided an option to treat any one of four rows with a 
single trip through the field. The liquid sprays were applied at a pres­
sure of 40 pounds per square inch and were directed into a 4- to 6-inch 
band on either side of the base of the corn plant (Figure 13). Soil 
incorporation of the insecticides following application was performed 
with a tractor-mounted cultivator. A spray boom equipped with Delevan 
FS-3 nozzles spaced 20 inches apart was used in the application of the 
liquid broadcast treatments. The insecticides were applied at a pressure 
of 40 pounds per square inch to plots which had been marked previously 
with the corn planter. Soil Incorporation of the insecticides following 
application was accomplished with either a sprlngtoothed harrow or a 
tandem disk. 
Figure 13. Placement and method of applying liquid post-plant treatments 
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A split plot experimental design was selected for this study. 
Insecticides and application rates served as the whole-plots and the 
methods of application for the granular and liquid formulations were the 
split plots randomized within each whole-plot. The 1968 experiments were 
planted on 40-inch row spacings and the 1969 experiments utilized 30-inch 
row spacings. Plot size for the planting time, fertilizer-Insecticide 
combinations and post-plant treatments was one row by 50 feet. The 
broadcast plots were two rows wide and 50 feet long. 
During 1968, two experiments of Identical design were conducted to 
evaluate the previously described methods of application. The five insec­
ticides recommended by the Cooperative Extension Service, Iowa State 
University, for planting time rootworm treatments during 1968 were used 
in the evaluation. The compounds were: Bu:^, fensulfothlon (Dasanit®), 
phorate (Thimet®), Dyfonate® and diazinon. 
The planting time, broadcast and post-plant granular treatments 
utilized the following formulations: Bux 10% granular, Dasanit 10% gran­
ular, Diazinon 14% granular, Dyfonate 10% granular and Thimet 15% granular. 
Liquid formulations for these methods of application Included the follow­
ing: Bux 2 pound active Ingredient (A.I.)/gallon emulsifiable liquid, 
Dasanit 6 pound A.I./gallon emulsifiable spray concentrate, Diazinon 4 
pound A.I./gallon emulsifiable concentrate, Dyfonate 4 pound A.I./gallon 
emulsifiable concentrate and Thimet 6 pound A.I./gallon emulsifiable 
liquid. Granular fertilizer-insecticide combinations were formulated and 
supplied by the respective companies. The formulations included the 
following: 1.0% Bux on 10-22-20 fertilizer, 0.5% Dasanit on 12-12-12 
fertilizer, 1.0% Diazinon on 7-26-26 fertilizer, 1.0% Thimet on 10-10-10 
31 
fertilizer and 1.0% Dyfonate on 12-24-12 fertilizer. Liquid fertilizer-
insecticide combinations were formulated by mixing the emulsifiable 
insecticide concentrates with liquid starter fertilizer (7-21-7). The 
previously mentioned emulsifiable insecticide formulations were used, 
except for Diazinon, where a special fertilizer grade of 4 pound A.I./ 
gallon was used. Compe:^ was added to the fertilizer mixtures of Dasanit 
and Thimet to avert problems of incompatibility between the insecticide 
and fertilizer. 
Each of the insecticide formulations was applied at 0.5 or 1.0 
pound-per-acre rates for the planting time, fertilizer-insecticide and 
post-plant treatments. The broadcast treatments were applied at 2.0 and 
4.0 pounds-per-acre rates. 
In 1969, two additional experiments of identical design were 
conducted. These experiments were basically the same as those conducted 
during 1968; however, based on the results of the 1968 experiments and 
changes in the insecticide recommendations for corn rootworm control in 
Iowa, minor design modifications were made. In 1969, only the high 
application rate, 1.0 pound of active ingredient per acre for the plant­
ing, post-plant and fertilizer-insecticide treatments and four pounds 
active ingredient per acre for the broadcast treatments, was used. 
Carbofuran (Furadan®) was substituted for diazinon in the 1969 exper­
iments. Also during 1969, the granular fertilizer-insecticide combinations 
were formulated by the respective companies on 16-16-16 Ortho Unipels® as 
1 percent insecticide formulations. The 1969 liquid fertilizer-insecticide 
combinations were formulated by mixing the emulsifiable insecticide 
concentrates with a liquid starter fertilizer (7-22-5). A special grade 
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of 4 pound A.I./gallon of Thimet was used to alleviate compatibility 
problems with the liquid fertilizer during 1969. 
Experimental field plots were situated in either an area that had 
high western corn rootworm adult populations during the previous year or 
an area that had been late-planted the previous year. The late-planted 
corn was pollinating and producing green silks late in the season. This 
type of an area served as an excellent trap crop, providing a feeding and 
oviposition site for corn rootworm adults at a time when the majority of 
the cornfields in the area were maturing and food sources for the adult 
rootworms were rapidly diminishing. These practices have generally 
enhanced the likelihood of a heavy rootworm larval infestation during the 
subsequent growing season. 
During 1968, experimental field plots were located at Ankeny and 
Ames. The Ankeny site was located on the Iowa State University, Ankeny 
Research Farm, in an area that had a high population of western corn root-
worm adults during 1967. This experimental area was planted with DeKalb 
XL-45 seed on May 9; broadcast treatments were made on May 6 and post-
plant treatments were made on June 21. The Ames experiment was located on 
the Iowa State University, Johnson Farm, 3 miles south of Ames in an area 
that had been late-planted during 1967 and spring plowed during 1968. The 
experimental area was planted with DeKalb XL-306 seed on May 24; broadcast 
treatments were made on May 23 and post-plant treatments were made on 
July 5. 
During 1969, experimental field plots were located at Newell and 
Ames. The Newell site was located at the Iowa State University, Allee 
Experimental Farm, in an area that had been late-planted with sweetcorn 
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during 1968 and spring plowed during 1969. The experimental site was 
planted with DeKalb XL-306 seed on May 20; broadcast treatments were made 
on May 13 and post-plant treatments were made on July 2. The 1969 Ames 
experiment was again located on the Iowa State University, Johnson Farm, in 
an area that had been late-planted during 1968 and spring plowed during 
1969. The experimental area was planted with DeKalb XL-306 seed on May 27; 
broadcast treatments were made on May 26 and post-plant treatments were 
made on July 12. 
The performance of the treatments were evaluated by two parameters; 
adjusted damage rating and percent lodged corn at harvest time. Five ran­
domly selected root systems were removed from each plot and washed as soon 
as rootworm larval development was complete. Each root system was assigned 
a root damage rating and a root recovery rating according to the Iowa State 
Root Rating System^ (Figures 14 and 15). The root recovery rating was 
subtracted from the root damage rating to yield an adjusted damage rating. 
Percent lodged corn at harvest time was determined by dividing the number 
of corn plants lodged 30 degrees or more by the total number of corn plants 
per acre equivalent. For the purposes of this study, adjusted damage 
ratings over 2.50 and lodging over 15.0 percent were considered to be 
economic levels of rootworm damage. 
The data were subjected to the analysis of variance of the split plot 
design. This type of analysis made it possible to gain precision in 
detecting differences in the sub-plot treatments, methods of application 
Don C. Peters and Galen Eiben, Ames, Iowa. Data from root rating 
methods. Private communication. 1964. 
Figure 14. Categories of root damage ratings 
1 - Washed roots - no damage or only a few minor feeding scars 
2 - Washed roots with feeding scars, but no roots eaten off to 
within 1% inches of plant 
3 - Several roots eaten off to within 1% inches of plant but 
never the equivalent of an entire node of roots gone 
4 - One ring or node of roots completely destroyed 
5 - Two rings or nodes of root completely destroyed 
6 - Three or more rings destroyed 
Figure 15. Categories of root recovery ratings 
0 - No apparent recovery 
1 - Few (4-6) roots on top node showing regrowth 
2 - Top ring of roots all showing at least some growth 
3 - Considerable secondary roots and complete node of regrowth 
4 - Regrowth on more than one node and good secondary develop­
ment 
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and formulation, but it sacrificed precision within the whole plots, 
insecticides and rate of application. 
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RESULTS AND DISCUSSION 
1968 Season 
Ankeny, Iowa 
Below normal temperatures and rainfall accumulations during May, 
followed by near normal conditions during June, July and August, char­
acterized the growing season at this location during 1968 (Table 1). The 
life cycle development of the corn rootworm in relation to daily rainfall 
accumulations and dates of insecticide application at this location during 
1968 is illustrated in Figure 16. A total of 3.98 inches of rainfall was 
recorded between planting time. May 6, and peak hatch of corn rootworm 
eggs, June 22. An additional 1.86 inches of rainfall were recorded during 
the week following the application of the post-plant treatments. These 
Table 1. Average monthly temperature and rainfall accumulations. Ankeny, 
Iowa, 1968 
Rainfall Tempera ture 
Ac tua 1^ Normal^ Actua1^ Normal 
May 1.66 4.49 56.2 60.7 
June 4.17 4.54 71.5 70.1 
July 4.65 4.29 72.8 74.4 
August 3.15 4.12 71.5 73.2 
^Recorded at the United States Department of Agriculture, European 
Corn Borer Laboratory weather station. 
Based on the simple arithmetic averages of the monthly values of 
temperature and precipitation for the period 1959 to 1969. 
Figure 16. Relationship of corn rootworm life cycle development, daily rainfall accumulations and 
dates of insecticide application. Ankeny and Ames, Iowa, 1968 (Peak second instar larvae 
based on data collected from 1968 Iowa Corn Rootworm Scouting Program, other life cycle 
developmental stages estimated from degree-days above 50° F.) 
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rainfall accumulations were considered to be sufficient to activate and 
distribute the insecticides applied by the various methods of application 
into the root regions where rootworra damage occurs. 
The mean values of the adjusted damage ratings and the percent lodged 
estimates obtained from the Ankeny location during 1968 are presented in 
Tables 2 and 3. The analyses of variance for these two parameters are 
presented in Table 4. The treatment means from this experiment are 
recorded in Appendix Tables 27-29. 
The rootworra larval infestation, as indicated by a 3.77 adjusted 
damage rating and 57 percent lodging averaged over 4 replications of 
untreated check, was considered to be relatively heavy at this location 
during 1968. The analysis of the whole plots, insecticide compounds by 
rate of application, indicated that there were highly significant dif­
ferences between the 5 insecticide compounds, as well as between the two 
application rates, when measured by either the damage or lodging param­
eter. There was also a highly significant insecticide by rate of applica­
tion interaction shown for the adjusted damage ratings (Table 4). 
In general, the higher application rates resulted in less root damage 
and less lodged corn at harvest time than did the lower application rates. 
However, inspection of the average adjusted damage ratings for the insec­
ticides by rates of application interaction revealed that this was not 
true with all the insecticides. In the case of Bux, there was essentially 
no difference between the two application rates. When averaged over 
insecticide formulations, methods of application and rates of application, 
i.e., the entire experiment, the adjusted damage ratings for Dyfonate, 
Table 2. Summary of adjusted root damage ratings obtained from methods of application experiment. 
Ankeny, Iowa, 1968 
Pounds Method Mean adjusted damage rating^ 
per of 
acre application Formulation Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid 4.55 3.40 3.35 2.80 3.00 
1.0 11 Liquid 3.30 2.85 3.50 3.25 2.50 
.5 II Granular 3.45 3.30 3.55 2.40 3.10 
1.0 11 Granular 2.90 2.90 3.20 3.85 2.30 
2.0 Broadcast Liquid 4.10 3.00 3.75 3.25 3.90 
4.0 11 Liquid 2.85 2.60 3.00 1.95 2.20 
2.0 If Granular 3.10 2.55 3.60 2.20 2.10 
4.0 fi Granular 1.85 1.35 2.95 1.80 1.30 
.5 Post-plant Liquid 2.80 3.10 2.90 2.85 2.70 
1.0 II Liquid 2.15 2.25 1.70 2.40 2.10 
.5 11 Granular 2.85 2.35 2.95 1.75 2.15 
1.0 ft Granular 1.65 1.15 2.45 1.50 1.30 
.5 Fert--insect. Liquid 4.05 2.40 3.85 2.95 3.00 
1.0 II Liquid 2.85 3.15 3.55 3.45 2.20 
.5 11 Granular 4.55 2.65 3.40 3.60 3.15 
1.0 II Granular 2.70 3.35 3.40 3.75 2.55 
Check*' 3.94 3.86 3.72 3.86 3.46 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 3. Summary of lodged plant estimates obtained from methods of application experiment. Ankeny, 
Iowa, 1968 
Pounds Method Mean percent lodged estimates transformed to radians® 
per of 
acre a ppX xca t±on Formulation THimet Dasanxt: Diazinon Bux Dvfona tie 
.5 Planting Liquid .880 .569 .831 .256 .242 
1.0 II Liquid .776 .192 .597 .216 .000 
.5 II Granular .429 .340 .742 .245 .442 
1.0 ff Granular .122 .050 .292 .185 .050 
2.0 Broadcast Liquid .744 .551 .497 .573 .426 
4.0 II Liquid .350 .092 .312 .088 .101 
2.0 . II Granular .425 .000 .713 .289 .142 
4.0 ft Granular .088 .000 .390 .067 .062 
.5 Post- plant Liquid .290 .243 .181 .072 .444 
1.0 II Liquid .035 .067 .126 .184 .134 
.5 II Granular .086 .000 .401 .175 .116 
1.0 II Granular .146 .000 .157 .110 .000 
.5 Fert.-insect. Liquid .783 .221 .591 .444 .317 
1.0 II Liquid .191 .152 .548 .345 .050 
.5 II Granular 1.071 .681 .674 .592 .598 
1.0 II Granular .547 .619 .650 .725 .159 
Check^ .867 .829 .809 .960 .829 
^The percentages are based on the proportion of lodged plants over the total number of plants 
per acre equivalent, transformed by the arcsin transformation for proportions and expressed in 
radians. Each mean is based on 4 plot observations. 
^Each mean is based on 16 plot observations (4 replications x 2 rates of application x 2 
formulations). 
Table 4. Analyses of variance based on data summarized in Tables 2 and 3. Ankeny, Iowa, 1968 
Source of 
variation df 
Adjusted damage rating 
Ms Sign. 
Percent lodged 
Ms Sign. 
Whole Plot; 
Replication (A) 3 555.90 29.38 ** 2.290 15.97 ** 
Insecticide (B) 4 151.82 8.02 ** .964 6.73 ** 
Rate (C) 1 630.00 33.30 ** 3.572 24.92 ** 
B X C 4 79.64 4.21 ** .100 .68 n.s. 
Error (a) 27 18.92 .143 
Sub-plot: 
Method (D) 3 422.94 31.41 ** 1.710 27.27 ** 
Formulation (F) 1 196.88 14.62 ** .052 .82 n.s. 
D X F 3 83.52 6.20 ** .770 12.27 ** 
B X D 12 15.40 1.14 n.s. .112 1.79 (1.80) 
B X F 4 13.93 1.03 n.s. .100 1.56 n.s. 
C X F 1 2.28 « 17 n.s* .UJv .45 n.s. 
C X D 3 67.83 5.04 ** .131 2.10 n.s. 
B X D X F 12 20.36 1.51 n.s. .160 2.51 ** 
C X D X F 3 3.70 .28 n.s. .084 1.34 n.s. 
B X C X D 12 21.45 1.59 n.s. .081 1.29 n.s. 
B X C X F 4 7.36 .55 n.s. .054 .88 n.s. 
B X C X D X F 12 8.55 .63 n.s. .030 .46 n.s. 
Error (b) 210 13.46 .063 
^Based on treatment totals. 
^n.s. = not significant, ** = significant at the 1 percent level. 
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Dasanit, Bux, Thimet and Diazinon were 2.47, 2.65, 2.73, 3.11 and 3.19, 
respectively, while the lodging estimates were 10, 12, 14, 25 and 29, 
respectively (Table 5). 
Table 5. Adjusted damage ratings and percent lodged estimates from whole 
plots, insecticides by rates of application. Ankeny, Iowa, 1968 
Rate Insecticide 
of 
application Thimet Dasanit Diazinon Bux Dyfonate Average 
Mean adjusted damage rating^ 
IX 3.68 2.84 3.42 2.72 2.89 3.11 
2X 2.53 2.45 2.97 2.74 2.06 2.55 
Average 3.11 2.65 3.19 2.73 2.47 
Mean percent lodged^ 
IX 35 , 17 37 19 17 25 
2X 16 7 22 10 2 11 
Average 25 12 29 14 10 
^Each insecticide by rate of application mean is based on 160 root 
observations (4 replications x 4 methods x 2 formulations x 5 roots). 
^Each insecticide by rate of application mean is based on 32 plot 
observations (4 replications x 4 methods x 2 formulations). 
The analysis of the sub-plot treatments, methods of application by 
insecticide formulation, indicated that the differences between the 
adjusted damage ratings of the 4 methods of application and the 2 insec­
ticide formulations were significant at the 1 percent level. A highly 
significant method of application by insecticide formulation interaction 
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was also shown. When measured by the lodging parameter, differences 
between the 4 methods of application were significant at the 1 percent 
levai and a highly significant method of application by insecticide 
formulation interaction was shown (Table 4). 
Examination of the means in Table 6 and Figure 17 indicated that the 
granular insecticide formulations applied as post-plant, planting time and 
broadcast treatments resulted in less root damage than did the liquid 
formulations applied by these methods of application. Conversely, the 
liquid formulations of the fertilizer-insecticide treatments had less root 
damage than did the granular treatments. This trend was also evident in 
the lodging data (Table 6 and Figure 18). 
Because of this differential response in the methods of application 
to the insecticide formulations, these factors must be considered 
independently in the final interpretation of this experiment. The post-
plant granular, broadcast granular and post-plant liquid treatments with 
damage ratings of 2.01, 2.28 and 2.49 and percent lodging estimates of 4, 
11 and 7, respectively, were considered acceptable levels of control for 
the western corn rootworm under the conditions of this experiment. 
A highly significant method of application by insecticide by insec­
ticide formulation interaction was shown for the lodging data (Table 4). 
Inspection of the means (Table 7) indicated that generally there was less 
lodging in the granular planting time, broadcast and post-plant treatments, 
however, this was not true for all of the insecticides. In the case of Bux 
and Dyfonate, there was less lodging in the liquid planting time treatments 
than in the granular treatments applied at planting time. There was also 
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Table 6. Adjusted damage ratings and percent lodged estimates from sub 
plots, methods of application by insecticide formulation. 
Ankeny, Iowa, 1968 
Method of application 
Insecticide Planting Fertilizer-
formulation Post-plant time Broadcast insecticide Average 
Mean adiusted damage rating^ 
Granular 2.01 3.09 2.28 3.31 2.67 
Liquid 2.49 3.25 3.06 3.14 2.98 
Average 2.25 3.17 3.17 3.23 
Mean percent lodged^ 
Granular 5 16 11 41 18 
Liquid 7 26 21 20 18 
Average 6 21 16 20 
Each method of application by insecticide formulation mean is based 
on 200 root observations (4 replications x 5 insecticides x 2 rates of 
application x 5 roots). 
^Each method of application by insecticide formulation mean is based 
on 40 plot observations (4 replications x 5 insecticides x 2 rates of 
application). 
less lodging in the Diazinon liquid post-plant and broadcast treatments 
than in the granular treatments applied by these methods of application. 
When the damage ratings were averaged over insecticides and insec­
ticide formulations, there was a highly significant method of application 
by rate of application interaction (Table 4). Examination of the means in 
Table 8 indicated that the magnitude of the difference between the high 
and low application rates was much less for the planting time and 
Figure 17. Graphie representation of method of application by insecticide 
formulation interaction for adjusted damage data. Ankeny, 
Iowa, 1968 
Figure 18. Graphic representation of method of application by insecticide 
formulation interaction for percent lodged data. Ankeny, Iowa, 
1968 
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Table 7. Percent lodged estimates from methods of application by insec­
ticide formulation by insecticide interaction. Ankeny, Iowa, 
1968 
Method Insecticide 
of Insecticide 
application formulation Thiraet Dasanit Diazinon Bux Dyfonate 
Mean percent lodged^ 
Planting Liquid 53 20 48 7 4 
Planting Granular 12 10 31 14 14 
Broadcast Liquid 34 17 21 19 12 
Broadcast Granular 11 0 35 6 3 
Post-plant Liquid 5 5 7 4 12 
Post-plant Granular 3 0 12 4 2 
Pert.-insect. Liquid 29 7 36 19 7 
Pert.-insect. Granular 58 38 45 40 22 
^Each mean is based on 8 plot observations (4 replications x 2 rates 
of application). 
Table 8. Adjusted damage ratings from method of application by rate of 
application interaction. Ankeny, Iowa, 1968 
Rate 
Method of application 
of Planting Fertilizer-
application Post-plant time Broadcast insecticide 
Mean adjusted damage rating^ 
IX 2.64 3.29 3.15 3.36 
2X 1.86 3.05 2.18 3.09 
^Each mean is based on 200 root observations (4 replications x 5 
insecticides x 2 formulations x 5 roots). 
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fertilizer-insecticide treatments than those for the post-plant and broad­
cast treatments. Since the lesser magnitudinal differences occurred with­
in the higher damage categories, these differences were not considered to 
be of biological meaning. 
Ames, Iowa, 1968 
Average monthly temperatures at the Ames location were slightly 
lower during the 1968 growing season than the monthly temperatures nor­
mally recorded at this location. Monthly rainfall accumulations were 
below normal during May, July and August, and above normal during June 
(Table 9). The relationship of the dates of insecticide application with 
corn rootworm life cycle development and daily rainfall accumulations is 
presented in Figure 16. Examination of these data indicates that 4.31 
inches of rainfall were recorded between planting time. May 24, and the 
Table 9. Average monthly temperature and rainfall accumulations. Ames, 
Iowa, 1968 
Rainfall Tempera ture 
Ac tua 1^ Normal^ Actual^ Normal 
May 2.46 4.28 55.0 60.5 
June 8.24 5.21 68.0 70.2 
July 2.56 3.31 71.2 74.8 
August 3.14 3.85 72.2 72.7 
^Recorded at Iowa State University, Curtiss Farm weather station. 
^Based on the simple arithmetic averages of the monthly values of 
temperature and precipitation for the period 1931 to 1960. 
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estimated peak hatch of corn rootworm eggs on June 22. However, during 
the week following peak hatch, June 23-28, a total of 5.20 inches of rain 
was recorded. It was concluded that rainfall conditions prior to peak 
egg hatch were not such that would alter the effectiveness of the insec­
ticides applied as broadcast, planting time and fertilizer-insecticide 
treatments. However, the effectiveness of the insecticides applied by 
these methods of application may have been reduced by the saturated soil 
conditions which resulted from the excessive rainfall accumulations that 
occurred during the week following peak egg hatch (Harris and Lichtenstein, 
1961; Lichtenstein and Schulz, 1964; Corey, 1965; Menn et al. 1965; 
Whitney, 1967 and Getzin, 1968). The insecticides applied as post-plant 
treatments were not subjected to any adverse rainfall conditions that 
would alter their effectiveness. However, the 1.00 inch of rainfall that 
was recorded during the week following the application of the post-plant 
treatments was considered to be sufficient moisture to activate and 
distribute the insecticides into the lower root regions of the corn plant 
where rootworm larval feeding occurs. 
The mean values of the two parameters, adjusted damage rating and 
percent lodging, obtained from the Ames experiment during 1968 are 
presented in Tables 10 and 11. The statistical analyses for the damage 
and lodging criteria are summarized in Table 12. The treatment means are 
recorded in Tables 30-32 in the Appendix. 
Four replications of untreated checks averaged an adjusted damage 
rating of 2.99 and 29 percent lodged corn at harvest time. Although these 
values are somewhat lower than those recorded at the Ankeny location 
during 1968, they were considered to be economic levels of corn rootworm 
Table 10. Suomary of adjusted root damage ratings obtained from methods of application experiment. 
Ames, Iowa, 1968 
Pounds 
per 
acre 
Method 
of 
application Formulation 
Mean adjusted damage rating^ 
Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid 2.15 2.45 2.70 2.00 2.55 
1.0 II Liquid 1.55 1.65 2.85 1.20 1.25 
.5 11 Granular 1.65 2.95 2.70 1.90 2.05 
1.0 tf Granular 1.45 1.55 3.90 1.10 1.30 
2.0 Broadcast Liquid 2.85 3.65 3.35 2.35 2.30 
4.0 II Liquid 2.05 2.40 3.10 1.40 1.50 
2.0 11 Granular 1.60 2.30 2.80 1.90 2.50 
4.0 If Granular 1.40 1.90 3.50 1.30 1.30 
.5 Post-plant Liquid 2.20 2.35 1.60 2.05 2.30 
1.0 11 Liquid 2.30 1.60 2.25 1.10 2.00 
.5 If Granular 2.65 2.30 1.90 1.45 1.80 
1.0 II Granular 1.40 1.50 1.55 .90 1.40 
.5 Fert.-insect. Liquid 1.70 2.50 2.15 2.00 2.05 
1.0 II Liquid 1.55 1.50 2.40 1.70 1.75 
.5 II Granular 2.50 3.15 3.10 2.10 3.05 
1.0 ft Granular 2.20 2.30 3.40 1.85 2.00 
Check^ 3.01 2.75 2.98 3.24 2.98 
®Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 11. Summary of lodged plant estimates obtained from methods of application experiment. Ames, 
Iowa, 1968 
Pounds 
per 
acre 
Method 
of 
application Formulation 
Mean percent lodged estimates transformed to radians® 
Thimet Dasanit Diazinon Bux Dvfonate 
.5 Planting Liquid .106 .000 .227 .067 .179 
1.0 t l  Liquid .076 .000 .422 .135 .000 
.5 I I  Granular .000 .000 .260 .178 .128 
1.0 11 Granular .067 .000 .572 .086 .000 
2.0 Broadcast Liquid .240 .230 .214 .442 .414 
4.0 11 Liquid .205 .067 .562 .322 .092 
2.0 t l  Granular .000 .237 .347 .238 .150 
4.0 I f  Granular .097 .084 .704 .097 .000 
.5 Post-plant Liquid .137 .118 .000 .212 .199 
1.0 f t  Liquid .099 .137 .129 .122 .000 
.5 I f  Granular .220 .000 .080 .160 .072 
1.0 t l  Granular .128 .000 .202 .209 .000 
.5 Fert.-insect. Liquid .067 .096 .164 .222 .142 
1.0 I I  Liquid .000 .056 .305 .145 .000 
.5 11 Granular .503 .516 .221 .415 .207 
1.0 I t  Granular .145 .351 .750 .348 .158 
Check^ .589 .457 .483 .684 .582 
^The percentages were based on the proportion of lodged plants over the total number of plants 
per acre equivalent, transformed by the arcsin transformation for proportions and expressed in 
radians. Each mean is based on 4 plot observations. 
^Each mean is based on 16 plot observations (4 replications x 2 rates of application x 2 
formulations). 
Table 12. Analyses of variance based on data summarized in Tables 10 and 11. Ames, Iowa, 1968 
Adjusted damage rating Percent lodged Source of y y 
variation df Ms® Sign. Ms Sign. 
Whole Plot: 
Replication (A) 3 21.95 .66 n.s. .1426 .78 n.s. 
Insecticide (B) 4 247.96 7.48 ** .5220 2.89 * 
Rate (C) 1 489.20 14.49 ** .0143 .06 n.s. 
B X C 4 89.16 12.69 n.s. .4186 2.33 n.s. 
Error (a) 27 33.14 .1797 
Sub-plot : 
Method (D) 3 86.14 6.73 ** .3907 8.51 ** 
Formulation (F) 1 1.51 .12 n.s. .1247 2.72 n.s. 
D X  F 3 113.74 8.89 ** .3948 8.59 ** 
B X  D 12 33.73 2.64 ** .0883 1.92 * 
B X  F 4 13.18 1.03 n.s. .0701 1.54 n.s. 
C X  F 1 .61 .05 n.s. .0224 .49 n.s. 
C X  D 3 4.77 .37 n.s. .0112 .24 n.s. 
B X  D X  F 12 9.86 .77 n.s. .0329 .72 n.s. 
C X  D X  F 3 19.07 1.49 n.s. .0021 .04 n.s. 
B X  C X  D 12 4.65 . 3 6  n . s .  .0334 . 7 3  n . s .  
B X  C X  F 4 3.07 .24 n.s. .0248 .54 n.s. 
B X  C X  D X  F 12 9.28 .72 n.s. .0225 .49 n.s. 
Error (b) 210 12.80 .0459 
^Based on treatment totals. 
b n.s. = not significant, ** = significant at the 1 percent level. * = significant at the 5 
percent level. 
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damage. The analysis of the whole plots, insecticide compounds by rate 
of application, indicated that there were highly significant differences 
between the adjusted damage ratings of the 5 insecticide compounds and the 
2 rates of application. When measured by the percent lodging parameter, 
differences between the application rates were of no statistical signif­
icance and differences between the methods of application were only 
significant at the 5 percent level (Table 12). 
When averaged over the entire experiment, the treatments of Bux, 
Dyfonate, Thimet and Dasanit resulted in root damage and lodging estimates 
that were considered to be acceptable levels of corn rootworm control. 
The adjusted damage ratings of the high and low rates of insect applica­
tion were 1.85 and 2.34, respectively. Although these differences were of 
a highly significant magnitude, neither of the ratings were considered to 
be an economic level of corn rootworm damage under the conditions of this 
experiment. The failure to achieve a meaningful difference between the 
high and low application rates was also apparent in the lodging criteria 
(Table 13). 
The analysis of the sub-plots indicated that the methods of applica­
tion by insecticide formulation interactions were highly significant for 
both the damage and lodging parameters (Table 12). Examination of the 
data in Table 14 and Figures 19 and 20 indicated that the performance of 
the granular post-plant, planting time and broadcast treatments, as meas­
ured by the adjusted damage rating and percent lodged estimates, were 
equal to or better than the liquid treatments applied by these methods of 
application. Conversely, the liquid formulations of the fertilizer-
insecticide treatments had less root damage and less lodging at harvest 
56 
Table 13. Adjusted damage ratings and percent lodged estimates from whole 
plots, Insecticides by rates of application. Ames, Iowa, 1968 
Rate Insecticide 
of 
application Thimet Dasanit Diazinon Bux Dyfonate Average 
Mean adjusted damage rating* 
IX 2.16 2.70 2.53 1.97 2.32 2.34 
2X 1.73 1.80 2.83 1.31 1.56 1.85 
Average 1.95 2.25 2.68 1.64 1.94 
Mean percent : lodged^ 
IX 8 7 7 11 7 8 
2X 3 4 27 8 I 9 
Average 6 6 17 10 4 
^Each insecticide by rate of application mean is based on 160 root 
observations (4 replications x 4 methods x 2 formulations x 5 roots). 
^Each insecticide by rate of application mean is based on 32 plot 
observations (4 replications x 4 methods x 2 formulations). 
time than the granular treatments. All of the treatments, with the excep­
tion of the liquid broadcast and granular fertilizer-insecticide treat­
ments, resulted in damage and lodging estimates that were considered to be 
acceptable levels of corn rootworm control. 
The interaction between methods of application and insecticide com­
pounds was significant at the 1 percrnt level for the damage ratings and 
significant at the 5 percent level for the lodging estimates (Table 12). 
It may be concluded from the average damage ratings and percent lodged 
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Table 14. Adjusted damage ratings and percent lodged estimates from sub­
plots, methods of application by Insecticide formulation. 
Ames, Iowa, 1968 
Method of application 
Insecticide Planting Fertilizer-
formulation Post-plant time Broadcast insecticide Average 
Mean adjusted damage rating^ 
Granular 1.68 2.02 2.05 2.56 2.08 
Liquid 1.97 2.03 2.49 1.93 2.11 
Average 1.83 2.02 2.27 2.24 
Mean percent lodged 
4 6 9 20 10 
4 4 15 4 7 
Average 4 5 12 12 
^Each method of application by insecticide formulation mean is based 
on 200 root observations (4 replications x 5 insecticides x 2 rates of 
application x 5 roots). 
^Each method of application by insecticide formulation mean is based 
on 40 plot observations (4 replications x 5 insecticides x 2 rates of 
application). 
estimates in Table 15 that all of the insecticides except Diazinon were 
effective in controlling corn rootworm larvae when applied as planting 
time, broadcast or fertilizer-insecticide treatments. The post-plant 
treatments, on the other hand, did not show a differential response to the 
insecticide compounds. 
Granular 
Liquid 
Figure 19. Graphie representation of method of application by insecticide 
formulation interaction for adjusted damage data. Ames, Iowa, 
1968 
Figure 20. Graphic representation of method of application by insecticide 
formulation interaction for percent lodged data. Ames, Iowa, 
1968 
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Table 15. Adjusted damage ratings and percent lodged estimates from 
methods of application by insecticide interaction. Ames, Iowa, 
1968 
Method Insecticide 
of 
application Thimet Dasanit Diazinon Bux Dyfonate 
Mean adjusted damage rating* 
Planting 1.70 2.15 2.96 1.55 1.79 
Broadcast 1.98 2.56 3.19 1.74 1.90 
Post-plant 2.14 1.94 1.82 1.34 1.88 
Fert.-insect. 1.99 2.36 2.76 1.91 2.21 
Mean percent lodged 
b 
Planting 2 0 19 3 2 
Broadcast 5 7 26 13 8 
Post-plant 5 2 3 8 2 
Fert.-insect. 9 14 21 13 5 
*Each mean is based on 80 root observations (4 replications x 2 
rates x 2 formulations x 5 roots). 
^Each mean is based on 16 plot observations (4 replications x 2 
rates x 2 formulations). 
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1969 Season 
Newell, Iowa 
Average monthly temperatures at this location during 1969 were above 
normal during May, July and August and below normal during June. Below 
normal rainfall accumulations were recorded during May and August while 
above normal accumulations were recorded during June and July (Table 16). 
The relationship of the dates of insecticide application with corn root-
worm life cycle development and daily rainfall accumulations is il­
lustrated in Figure 21. An over-winter accumulation of 7.2 inches of 
soil moisture resulted in extremely wet soil conditions during early May 
and delayed the planting of this experimental site until May 20. The 
broadcast treatments were applied on May 13 and the post-plant treatments 
were applied on July 2. Estimated peak hatch of corn rootworm eggs was 
Table 16. Average monthly temperature and rainfall accumulations. Newell, 
Iowa, 1969 
Rainfall Tempera ture 
Actual^ Normal^ Ac tua 1 ^ Normal^ 
May 1.97 3.98 62.3 60.0 
June 8.11 4.87 66.5 69.6 
July 5.26 3.56 75.5 74.6 
August 2.94 3.54 73.9 72.5 
^Recorded at Iowa State University, Allee Farm weather station. 
No data available. Normals are derived from the simple arithmetic 
averages of the monthly values of temperature and precipitation at 
Pocahontas, Storm Lake, and Rockwell City for the period 1931 to 1960. 
Figure 21. Relationship of corn rootworm life cycle development, daily rainfall accumulations and 
dates of insecticide application. Newell and Ames, Iowa, 1969 (Peak egg hatch based on 
field observations during 1969, other life cycle developmental stages estimated from 
degree-days above 50° F.) 
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delayed until July 2. This delay in the life cycle development of the 
corn rootworm may have been a result of the unusually wet and cool condi­
tions that occurred during June. Also, the extremely wet conditions that 
prevailed throughout June and early July may have had some deleterious 
effects on the insecticides applied by the various methods of application. 
Average values obtained for the damage and lodging parameters are 
given in Tables 17 and 18. A summary of the statistical analyses on which 
these means are based is presented in Table 19. The treatment means from 
this experiment are presented in Appendix Tables 33-35. 
The rootworm larval infestation, as indicated by a 3.85 adjusted 
damage rating and 71 percent lodging averaged over 4 replications of un­
treated check, was considered to be relatively heavy at this experimental 
location during 1969. The analyses of variance (Table 19) indicated that 
there were highly significant differences between the methods of applica­
tion for the lodging estimates, as well as the root damage ratings. The 
method of application by insecticide formulation interaction was also 
highly significant for both parameters. 
Inspection of the means in Table 20 and Figure 22 indicated that the 
performance of the granular post-plant, planting time and broadcast treat­
ments, as measured by the adjusted damage estimates, were equal to or 
better than the liquid treatments applied by these methods of application. 
Conversely, the liquid formulations of the fertilizer-insecticide treat­
ments had less root damage than the granular formulations of this applica­
tion method. A similar trend was also noted for the lodging data (Figure 
23), even though unusually high winds accompanied by hail during July, 
August and September resulted in lodging estimates that were considerably 
Table 17. Summary of adjusted root damage ratings obtained from methods of application experiment. 
Newell, Iowa, 1969 
Pounds Method Mean adjusted damage rating^ 
per of 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid 2.65 2.30 2.10 2.55 2.70 
1.0 t l  Granular 2.20 2.10 2.00 2.15 2.30 
5.7 Broadcast Liquid 2.20 2.38 1.80 2.20 2.79 
4.0 t l  Granular 2.00 2.00 1.70 1.75 2.10 
1.0 Post-plant Liquid 2.80 2.40 2.23 2.40 2.42 
1.0 11 Granular 2.30 2.04 1.62 1.85 2.26 
1.0 Fert.-insect. Liquid 1.95 2.45 1.72 2.40 2.28 
1.0 I f  Granular 3.20 3.35 2.85 3.60 3.25 
Check^ 3.37 3.78 3.49 4.17 4.42 
*Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 40 root observations (4 replications x 2 formulations x 5 roots). 
Table 18. Summary of lodged plant estimates obtained from methods of application experiment. 
Newell, Iowa, 1969 
Pounds Method Mean percent lodged estimates transformed to radians^ 
per of 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid .547 .522 .460 .582 .634 
1.0 I I  Granular .527 .404 .333 .373 .094 
5.7 Broadcast Liquid .334 .725 .352 .305 .871 
4.0 I f  Granular .296 .521 .088 .275 .389 
1.0 Post-plant Liquid .550 .530 .391 .464 .663 
1.0 I f  Granular .293 .441 .282 .174 .432 
1.0 Fert.-insect. Liquid .671 .357 .570 .258 .480 
1.0 I t  Granular .793 .942 .571 .986 .873 
Check^ .908 1.132 .858 .986 1.143 
^The percentages are based on the proportion of lodged plants over the total number of plants 
per acre equivalent, transformed by the arcs in transformation for proportions and expressed in 
radians. Each mean is based on 4 plot observations. 
^Each mean is based on 8 plot observations (4 replications x 2 formulations). 
Table 19. Analyses of variance based on data sumnarized in Tables 17 and 18. Newell, Iowa, 1969 
Source of 
variation df 
Adjusted damage rating Percent lodged 
Ms* c -  b Sign. Ms Sign.^ 
Whole Plot: 
Replication (A) 3 3.903 7.36 ** .284 3.64 * 
Insecticide (B) 4 1.211 2.28 n.s. .193 2.48 n.s. 
Error (a) 12 .531 .078 
Sub-plot: 
Method (C) 3 2.773 11.44 ** .500 9.36 ** 
Formulation (D) 1 .001 .00 n.s. .138 2.59 n.s. 
C X D 3 5.356 22.09 ** .802 15.01 ** 
B X  C 12 .221 .91 n.s. .085 1.59 n.s. 
B X  D 4 .028 .12 n.s. .102 1.91 n.s. 
B X  C X  D 12 .076 .32 n.s. .083 1.56 n.s. 
Error (b) 105 .242 .053 
^Based on treatment means. 
^n.s. = not significant, ** = significant at the 1 percent level, * = significant at the 5 per­
cent level. 
Figure 22. Graphie representation of method of application by insecticide 
formulation interaction for adjusted damage data. Newell, 
Iowa, 1969 
Figure 23. Graphic representation of method of application by insecticide 
formulation interaction for percent lodged data. Newell, Iowa, 
1969 
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Table 20. Adjusted damage ratings and percent lodged estimates from sub­
plots, methods of application by insecticide formulation. 
Newell, Iowa, 1969 
Method of application 
Insecticide Planting Fertilizer-
formulation Post-plant time Broadcast insecticide Average 
Mean ad lusted damage rating^ 
Granular 2.01 2.15 1.91 3.25 2.33 
Liquid 2.45 2.46 2.27 2.16 2.34 
Average 2.23 2.30 2.09 2.70 
Mean percent lodged^ 
Granular 13 15 13 55 24 
Liquid 27 28 29 25 26 
Average 20 22 21 40 
Each method of application by insecticide formulation mean is based 
on 100 root observations (4 replications x 5 insecticides x 5 roots). 
^Each method of application by insecticide formulation mean is based 
on 20 plot observations (4 replications x 5 insecticides). 
higher than those normally expected for the corresponding adjusted damage 
ratings. Considering the prevailing climatic conditions, all of the 
treatments, except the granular fertilizer-insecticide treatments resulted 
in acceptable levels of corn rootworm control. 
Ames, Iowa 
Average monthly temperatures at this location during 1969 were above 
normal during May and below normal during June, July and August. Monthly 
rainfall accumulations were below normal during May and August and above 
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normal during June and July (Table 21). The life cycle development of the 
corn rootworm in relation to daily rainfall accumulations and dates of 
insecticide applications at this location is illustrated in Figure 21. An 
overwinter accumulation of 9.6 inches of soil moisture plus frequent rains 
during early May resulted in saturated soil conditions and delayed the 
planting of this experiment until May 27. Excessive rainfall during June 
and early July may have reduced the effectiveness of the insecticides 
applied as broadcast, planting time and fertilizer-insecticide combination 
treatments. The post-plant treatments, on the other hand, were applied 
10 days after estimated peak hatch on July 12 and were not subjected to 
any adverse conditions that would alter their effectiveness. 
The mean values of the two parameters, adjusted damage rating and 
percent lodged estimates, obtained from this experiment during 1969 are 
Table 21. Average monthly temperatures and rainfall accumulations. Ames, 
Iowa, 1969 
Rainfall Tempera ture 
Actual^ Normal^ Actual^ Normal 
May 2.83 4.28 61.1 60.5 
June 7.02 5.21 64.7 70.2 
July 5.75 3.31 72.5 74.8 
Augus t 2.99 3.85 70.6 72.7 
^Recorded at Iowa State University, Curtiss Farm weather station. 
Based on the simple arithmetic averages of the monthly values of 
temperature and precipitation for the period 1931 to 1960. 
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presented in Tables 22 and 23. The statistical analyses for the damage 
and lodging criteria are summarized in Table 24. The treatment means from 
this experiment are recorded in Tables 36-39.in the Appendix. 
The percent lodging estimates from this experimental site proved to 
be of little or no value. These data were obscured by tornadic-like winds 
in excess of 90 miles per hour that severely lodged the corn in this 
experimental plot on September 6. An attempt was made to differentiate 
the lodging due to corn rootworms from the lodging due to the wind storm, 
but resulted in no significant differences in any of the treatments (Table 
24). The usefulness of the data from this experiment was further obscured 
by a relatively light rootworm larval infestation, as indicated by a 2.50 
average adjusted damage rating of four replications of untreated check. 
The analysis of variance of the adjusted damage ratings indicated 
that differences between the 5 insecticide compounds were significant at 
the 5 percent level while differences between the methods of application 
were significant at the 1 percent level (Table 24). However, upon examina­
tion of the data in Tables 25 and 26 all of the insecticide means, as well 
as the methods of application means, were well within the limits of what 
has been previously termed economic damage level. Under these circum­
stances it would be very difficult to make any valid inferences from the 
data. However, it may be pointed out that Furadan and Bux resulted in the 
best rootworm control of the insecticides that were used and the post-
plant treatments resulted in the best control of the methods of applica­
tion that were evaluated. 
Table 22. Summary of adjusted root damage ratings obtained from methods of application experiment. 
Ames, Iowa, 1969 
Pounds Method Mean adjusted damage rating^ 
per of 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid 1.90 2.05 1.65 1.95 1.65 
1.0 I f  Granular 2.00 2.00 1.55 1.60 1.70 
4.0 Broadcast Liquid 2.10 1.95 1.85 1.70 1.85 
4.0 I I  Granular 1.90 1.80 1.75 1.80 1.80 
1.0 Post-plant Liquid 1.75 1.65 1.80 1.35 1.90 
1.0 I f  Granular 1.50 1.60 1.60 1.50 1.55 
1.0 Fert.-insect. Liquid 1.80 2.30 1.75 1.95 2.00 
1.0 t f  Granular 2.40 2.10 1.65 2.19 2.25 
Check^ 2.55 2.62 2.35 2.40 2.60 
^Each mean is based on 20 root observations (4 replications X 5 roots). 
^Each mean is based on 40 root observations (4 replications X 2 formulations X 5 roots). 
Table 23. Summary of lodged plant estimates obtained from methods of application experiment. Ames, 
Iowa, 1969 
Pounds Method Mean percent lodged estimates transformed to radians^ 
per of 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid .552 .699 .660 .589 .474 
1.0 I I  Granular . 646 .518 .606 .607 .385 
4.0 Broadcast Liquid .806 .613 .660 .645 .426 
4.0 f f  Granular .646 .693 .615 .744 .499 
1.0 Post-plant Liquid .617 .597 .685 .651 .557 
1.0 t l  Granular .522 .620 .551 .555 .646 
1.0 Fert.-insect. Liquid .590 .706 .639 .553 .466 
1.0 I t  Granular .713 .765 .674 .593 .570 
Check^ .730 .765 .689 .689 .678 
^The percentages are based on the proportion of lodged plants over the total number of plants 
per acre equivalent, transformed by the arcsin transformation for proportions and expressed in 
radians. Each mean is based on 4 plot observations. 
^Each mean is based on 8 plot observations (4 replications x 2 formulations). 
Table 24. Analyses of variance based on data summarized in Tables 22 and 23. Ames, Iowa, 1969 
Source of 
variation df 
Adjusted damage rating 
Ms Sign. Ms 
Percent lodged 
Sign.* 
Whole Plot: 
Replication (A) 
Insecticide (B) 
Error (a) 
Sub-plot: 
Method (C) 
Formulation (D) 
C X D 
B X C 
B X D 
B X C X D 
Error (b) 
3 
4 
12 
3 
1 
3 
12 
4 
12 
105 
.203 
.325 
.080 
1.185 
.043 
.172 
.141 
.057 
.103 
.078 
2.54 n.s. 
4.06 * 
15.12 ** 
.55 n.s. 
2.20 n.s. 
1.80 n.s. 
.73 n.s. 
1.32 n.s, 
.023 
.117 
.052 
.031 
.000 
.030 
.026 
.009 
.019 
.028 
.44 n.s. 
2.25 n.s. 
1.10 n.s. 
.00 n.s. 
1.06 n.s. 
.95 n.s. 
.34 n.s. 
.69 n.s. 
Based on treatment means. 
n.s. = not significant, ** = significant at the 1 percent level, * = significant at the 5 per­
cent level. 
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Table 25. Mean adjusted damage ratings for the whole plot effects due to 
insecticides. Ames, Iowa, 1969 
Mean adjusted 
Insecticide damage rating 
Furadan 1, .70 
Bux 1, .76 
Dyfonate 1, 84 
Thimet 1, .92 
Dasanit 1. 93 
^Each mean is based on 160 root observations (4 replications x 2 
formulations x 4 methods x 5 roots). 
Table 26. Mean adjusted damage ratings for the sub-plot effects due to 
methods of application. Ames, Iowa, 1969 
Method of 
application 
Mean adjusted^ 
damage rating 
Post-plant 1.62 
Planting time 1.80 
Broadcast 1.85 
Fert.-insect. 2.04 
^Each mean is based on 200 root observations (4 replications x 2 
formulations x 4 methods x 5 roots). 
SUMMARY AND CONCLUSIONS 
In recent years, the most common method of applying insecticides for 
control of western corn rootworm larvae has been to apply granular insec­
ticides in a 6- to 8-inch band directly over the seed bed during the 
planting operation. Other methods that have been used include the follow­
ing: broadcast treatments prior to planting time, fertilizer-insecticide 
combination treatments at planting time and post-plant treatments at 
cultivation time. Most of these application methods were developed during 
the years when the chlorinated hydrocarbon insecticides were being widely 
used. Since that time, the western corn rootworm has become resistant to 
the chlorinated hydrocarbon compounds. As a result, these insecticides, 
which at one time provided corn producers with inexpensive, long residual 
and highly effective rootworm control, have been replaced by the newer, 
less persistent and more expensive organophosphate and carbamate compounds. 
Since the chemical properties, mode of action and residual life of these 
groups of insecticides differ greatly, it was considered necessary to re­
evaluate the methods of application using currently recommended insec­
ticides . 
A split plot design was selected for this study. This type of design 
made it theoretically possible to gain precision in detecting differences 
in the sub-plot treatments, but sacrificed precision in detecting dif­
ferences in the whole-plot treatments. Judging from the variance 
components in the analyses in Tables 4, 12, 19 and 24 it appears that the 
theory of the split plot design was valid and that the design was appro­
priate in analyzing the objectives that have been outlined for this study. 
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Further evidence to support this theory was noted in a separate analysis 
of the untreated checks. 
Considerable variation between the whole-plot treatments made it 
difficult to draw valid inferences about the insecticides and rates of 
application during 1968 and the insecticides during 1969. Although these 
data were quite variable, it appears that application rates cannot be 
reduced by one-half the recommended rates without sacrificing a signif­
icant degree of rootworm control. 
Based on the results obtained from the four experiments that were 
conducted during 1968 and 1969, it may be concluded that the post-plant 
treatments applied at cultivation time resulted in the best rootworm 
control of the methods evaluated. Acceptable control levels were obtained 
from the broadcast, planting time and fertilizer-insecticide treatments in 
one or more of the experiments that were conducted during this study. This 
suggests that all of the application methods have some potential in 
controlling rootworm larvae. Since recent trends in corn production are 
toward increased chemical weed control and reduced mechanical cultivation, 
it may be difficult to warrant corn rootworm control at cultivation time. 
However, if maximum levels of corn rootworm control are desired, it would 
be worthwhile to apply insecticides as post-plant treatments at cultiva­
tion time. By applying insecticides by this method, corn stands along with 
yielding potentials of the crop are already established before additional 
investments are made for chemical control of corn rootworms. Utilizing 
this type of treatment operation, it would also be conceivable to assess 
population levels of corn rootworm larvae prior to application time to 
determine whether or not chemical control measures were necessary. 
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The significant interaction between the methods of application and 
the insecticide formulations indicates that the granular insecticide 
formulations applied as planting time, broadcast and post-plant treatments 
resulted in less root damage and less lodging at harvest time than did the 
liquid formulations applied by these methods. The liquid fertilizer-
insecticide combination treatments, on the other hand, resulted in better 
rootworm control than the granular fertilizer-insecticide treatments. This 
difference may be attributed to the fact that the liquid fertilizer-
insecticide treatments were distributed in a band on each side of the seed 
while the granular fertilizer-insecticide treatments were applied in a 
single band on only one side of the seed. 
Considerable variations in corn rootworm development, infestation 
levels, dates of planting and rainfall accumulations were noted between 
the four experimental locations during the two years of this study. How­
ever, none of these factors apparently affected the performance of the 
various methods of application, since similar results were obtained from 
each of the four experiments. 
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APPENDIX 
Table 27. Average root damage ratings obtained from methods of application experiment. Ankeny, 
Iowa, 1968^ 
Pounds Method „ ^ , b 
Mean root damage rating 
acre application Formulation Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid 4.85 3.50 3.65 3.20 3.30 
1.0 I t  Liquid 3.55 2.85 3.90 3.50 2.50 
.5 11 Granular 3.55 3.40 3.70 2.50 3.35 
1.0 f t  Granular 2.90 3.00 3.40 4.00 2.30 
2.0 Broadcast Liquid 4.20 3.65 4.00 3.80 4.05 
4.0 M  Liquid 2.90 2.60 3.25 2.15 2.25 
2.0 I f  Granular 3.20 2.60 3.80 2.35 2.15 
4.0 11 Granular 2.00 1.35 3.25 1.90 1.30 
.5 Post-plant Liquid 3.15 3.30 3.10 3.20 3.45 
1.0 I t  Liquid 2.25 2.60 2.35 2.85 2.15 
.5 11 Granular 3.15 2.35 3.00 2.05 2.30 
1.0 f t  Granular 2.25 1.25 2.55 1.60 1.35 
.5 Pert.-insect. Liquid 4.10 2.75 3.85 3.25 3.25 
1.0 11 Liquid 3.00 3.20 3.65 3.75 2.20 
.5 I t  Granular 4.75 3.45 3.80 4.05 3.60 
1.0 I f  Granular 3.20 3.60 3.60 4.25 2.90 
Check^ 4.24 3.98 3.91 4.35 3.84 
^Root systems removed from the soil and evaluated on July 22, 1968. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
'^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 28. Average root recovery ratings from methods of application experiment. Ankeny, Iowa, 1968^ 
Pounds Method . b 
Mean root recovery rating 
acre application Formulation Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid .30 .10 .30 .40 .30 
1.0 I I  Liquid .25 .00 .40 .25 .00 
.5 I t  Granular .10 .10 .15 .10 .25 
1.0 I I  Granular .00 .10 .20 .15 .00 
2.0 Broadcast Liquid .10 .65 .25 .55 .15 
4.0 I I  Liquid .05 .00 .25 .20 .05 
2.0 I I  Granular .10 .05 .20 .15 .05 
4.0 I I  Granular .15 .00 .30 .10 .00 
.5 Post-plant Liquid .35 .20 .20 .35 .75 
1.0 t l  Liquid .10 .35 .65 .45 .05 
.5 11 Granular .30 .00 .05 .30 .15 
1.0 I I  Granular .60 .10 .10 .10 .05 
.5 Fert.-insect. Liquid .05 .35 .00 .30 .25 
1.0 I I  Liquid .15 .05 .10 .30 .00 
.5 I I  Granular .20 .80 .40 .45 .45 
1.0 I I  Granular .50 .25 .20 .50 .35 
Check^ .30 .11 .19 .49 .38 
^Root systems removed from the soil and evaluated on July 22, 1968. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 29. Average percent lodged estimates obtained from methods of application experiment. Ankeny, 
Iowa, 1968® 
Pounds Method ^ ^ , ,b 
Mean percent lodged 
acre application Formulation Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid 59 31 58 9 8 
1.0 f t  Liquid 46 8 38 5 0 
.5 I I  Granular 20 20 50 24 28 
1.0 I f  Granular 3 1 12 4 0 
2.0 Broadcast Liquid 48 32 26 36 22 
4.0 I I  Liquid 21 3 17 3 2 
2.0 I I  Granular 18 0 46 11 4 
4.0 I I  Granular 3 0 25 2 2 
.5 Post-plant Liquid 9 9 11 2 20 
1.0 I f  Liquid 1 2 3 7 4 
.5 I I  Granular 2 0 20 6 3 
1.0 I I  Granular 4 0 5 2 0 
.5 Fert.-insect. Liquid 51 9 38 25 14 
1.0 I I  Liquid 7 5 34 13 1 
.5 I t  Granular 76 36 47 37 39 
1.0 I f  Granular 39 41 42 44 5 
Check^ 58 55 52 67 52 
^Plots were evaluated September 23-25. 
^Each mean is based on 4 plot observations. 
^Each mean is based on 16 plot observations (4 replications x 2 formulations x 2 rates of 
application). 
Table 30. Average root damage ratings obtained from methods of application experiment. Ames, Iowa, 
1968^ 
Pounds 
per 
Method 
of 
Mean root damage rating 
acre application Formulation Thimet Dasanit D iaz inon Bux Dyfonate 
-5 Planting Liquid 3.15 2.65 2.70 2.40 2.55 
1.0 I I  Liquid 1.60 1.65 3.85 1.20 1.25 
.5 I t  Granular 1.65 3.35 3.25 2.20 2.05 
1.0 I t  Granular 1.45 1.55 4.15 1.10 1.40 
2.0 Broadcast Liquid 3.30 4.10 3.80 3.25 2.55 
4.0 " Liquid 2.50 2.40 4.10 2.10 1.70 
2.0 " Granular 1.60 2.35 2.95 2.05 2.55 
4.0 " Granular 1.40 1.90 4.10 1.50 1.40 
.5 
1.0 
.5 
1 . 0  
Post-plant 
I t  
f t  
I f  
Liquid 
Liquid 
Granular 
Granular 
3.55 
4.00 
4.10 
2.75 
4.25 
2.85 
2 .80  
2 . 2 0  
3.45 
3.50 
2.95 
3.30 
3.35 
1.95 
3.00 
2.20 
3.45 
2.45 
2.90 
1.85 
.5 
1.0 
.5 
1 . 0  
Pert.-insect, 
f t  
Liquid 
Liquid 
Granular 
Granular 
1.95 
1.60 
4.40 
2.45 
2.95 
1.70 
4.20 
2.85 
2 . 2 0  
3.15 
3.25 
4.55 
2.50 
1.85 
3.85 
1.85 
2.05 
1.85 
3.65 
2.65 
Check 4.26 3.65 3.90 3.82 3.89 
^Root systems removed from the soil and evaluated on July 24, 1968. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 31. Average root recovery ratings from methods of application experiment. Ames, Iowa, 1968^ 
Pounds 
per 
acre 
Method 
of 
application Formulation 
îfean root recovery rating b 
Thimet Dasanit Diazinon Bux Dyfonate 
.5 Planting Liquid 1.00 .20 .00 .40 .00 
1.0 I t  Liquid .05 .00 1,00 .00 .10 
.5 11 Granular .00 .40 .55 .30 .00 
1.0 I I  Granular .00 .00 .55 .00 .10 
2.0 Broadcast Liquid .45 .45 .45 .90 .25 
4.0 11 Liquid .45 .00 1.00 .70 .20 
2.0 I I  Granular .00 .05 .15 .15 .05 
4.0 I I  Granular .00 .00 .60 .20 .10 
.5 Post-plant Liquid 1.35 1.90 1.85 1.30 1.15 
1.0 I I  Liquid 1.70 1.25 1.25 .85 .45 
.5 I I  Granular 1.45 .50 1.05 1.55 1.10 
1.0 f 1  Granular 1.35 .70 1.75 1.30 .45 
.5 Fert.-insect. Liquid .25 .45 .05 .50 .00 
1.0 1 1  Liquid .05 .20 .75 .15 .10 
.5 I f  Granular 1.90 1.05 .15 1.75 .60 
1.0 I t  Granular .25 .55 1.15 .00 .65 
Check^ 1.25 .90 .92 .59 .91 
^Root systems removed from the soil and evaluated on July 24, 1968. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 80 root observations (4 replications x 2 rates of application x 2 
formulations x 5 roots). 
Table 32. Average percent lodged estimates obtained from methods of application experiment. Ames, 
Iowa, 1968® 
Pounds 
per 
acre 
Method 
of 
application Formulation Thimet 
Mean percent lodged 
Dasanit Diazinon Bux Dyfonate 
.5 
1 . 0  
.5 
1 . 0  
Planting 
I f  
I f  
I t  
Liquid 
Liquid 
Granular 
Granular 
4 
2 
0 
2 
0 
0 
0 
0 
7 
22 
9 
36 
2 
4 
6 
2 
4 
0 
4 
0 
2 . 0  
4.0 
2.0  
4.0 
Broadcast 
II 
I f  
t f  
Liquid 
Liquid 
Granular 
Granular 
11 
6 
0 
2 
11 
2 
12 
3 
10 
36 
15 
42 
26 
15 
10 
2 
27 
2 
5 
0 
.5 
1 .0  
.5 
1.0  
Post-plant 
II 
Liquid 
Liquid 
Granular 
Granular 
4 
4 
11 
3 
3 
7 
0 
0 
0 
3 
2 
8 
9 
6 
6 
14 
5 
0 
2 
0 
.5 
1.0  
.5 
1 .0  
Fert.-insect. 
II 
II 
It 
Liquid 
Liquid 
Granular 
Granular 
2 
0 
29 
4 
4 
1 
28 
21 
4 
16 
10 
53 
7 
4 
23 
18 
7 
0 
6 
9 
Check 31 19 22 40 30 
^Plots were evaluated September 17-21. 
^Each mean is based on 4 plot observations. 
^Each mean is based on 16 plot observations (4 replications x 2 formulations x 2 rates of 
application). 
Table 33. Average root damage ratings obtained from methods of application experiment. Newell, Iowa, 
1969® 
Pounds Method „ ^ , b Mean root damage rating per of ° 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid 2.85 2.45 2.15 2.65 2.75 
1.0 1 1  Granular 2.30 2.15 2.10 2.15 2.40 
5.7 Broadcast Liquid 2.35 2.46 1.80 2.35 2.94 
4.0 f l  Granular 2.30 2.04 1.80 1.75 2.12 
1.0 Post-plant Liquid 3.25 2.71 2.89 2.90 2.70 
1.0 I f  Granular 2.55 2.47 1.70 2.50 2.31 
1.0 Pert.-insect. Liquid 2.20 2.55 1.80 2.45 2.53 
1.0 I I  Granular 3.35 3.80 3.20 4.00 3.45 
Check*" 4.45 4.39 4.31 4.60 4.93 
^Root systems removed from the soil and evaluated on July 24, 1969. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 40 root observations (4 replications x 2 formulations x 5 roots). 
Table 34. Average root recovery ratings obtained from methods of application experiment. Newell, 
Iowa, 1969® 
Pounds Method „ ^ b 
Mean root recovery rating 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid .20 .15 .05 .10 .05 
1.0 If Granular .10 .05 .10 .00 .10 
5.7 Broadcast Liquid .15 .07 .00 .15 .15 
4.0 II Granular .30 .04 .10 .00 .02 
1.0 Post-plant Liquid .45 .31 .66 .50 .28 
1.0 tl Granular .25 .43 .08 .65 .05 
1.0 Fert.-insect. Liquid .25 .10 .08 .05 .25 
1.0 n Granular .15 .45 .35 .40 .20 
Check^ 1.07 .61 .82 .42 .51 
^Root systems removed from the soil and evaluated on July 24, 1969. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 40 root observations (4 replications x 2 formulations x 5 roots). 
Table 35. Average percent lodged estimates obtained from methods of application experiment. Newell, 
Iowa, 196 9® 
Pounds Method „ . . . ,b 
Mean percent lodged 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1 . 0  
1.0 
Planting Liquid 
Granular 
28 
28 
25 
17 
21 
12 
31 
18 
35 
2 
5.7 
4.0 
Broadcast 
I I  
Liquid 
Granular 
20 
12 
44 
25 
16 
3 
11 
11 
53 
15 
1 .0  
1.0  
Post-plant 
I I  
Liquid 
Granular 
31 
12 
26 
18 
19 
11 
21 
4 
39 
18 
1.0  
1 .0  
Fert.-insect. Liquid 
Granular 
39 
51 
18 
64 
31 
36 
13 
68 
23 
56 
Check 62 82 57 70 83 
^Plots were evaluated on September 13, 1969. 
^Each mean is based on 4 plot observations. 
''Each mean is based on 8 plot observations (4 replications x 2 formulations). 
Table 36. Average root damage ratings obtained from methods of application experiment. Ames, Iowa, 
1969® 
^per*^^ ^^of°^ root damage rating^ 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1 .0  
1.0 
Planting 
I I  
Liquid 
Granular 
1.90 
2.00 
2.05 
2.00 
1.65 
1.55 
1.95 
1.60 
1.65 
1.70 
4,0 
4.0 
Broadcast Liquid 
Granular 
2.25 
2.00 
2.00 
1.85 
1.85 
1.80 
1 . 7 0  
1.80 
1.85 
1.80 
1.0  
1 .0  
Post-plant 
I I  
Liquid 
Granular 
2.40 
2.30 
2.65 
2.45 
2.30 
2.35 
2.65 
2.30 
2.75 
2.35 
1 . 0  
1.0  
Fert.-insect. 
I I  
Liquid 
Granular 
1.90 
2.45 
2.30 
2.30 
1.75 
1.65 
2.00 
2.23 
2.15 
2.45 
Check 2.70 2.82 2.60 2.55 2.85 
®Root systems removed from the soil and evaluated on July 30, 1969. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 40 root observations (4 replications x 2 formulations x 5 roots). 
Table 37. Average root recovery ratins obtained from methods of application experiment. Ames, Iowa, 
1969® 
Pounds Method „ ^ b 
Mean root recovery rating 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid .00 .00 .00 .00 .00 
1.0 I f  Granular .00 .00 .00 .00 .00 
4.0 Broadcast Liquid .15 .05 .00 .00 .00 
4.0 I I  Granular .10 .05 .05 .00 .00 
1.0 Post-plant Liquid .65 1.00 .50 1.30 .85 
1.0 I t  Granular .80 .85 .75 .80 .80 
1.0 Fert.-Insect. Liquid .10 .00 .00 .05 .15 
1.0 I I  Granular .05 .20 .00 .04 .20 
Check^ .15 .20 .20 .12 .25 
^Root systems removed from the soil and evaluated on July 30, 1969. 
^Each mean is based on 20 root observations (4 replications x 5 roots). 
^Each mean is based on 40 root observations (4 replications x 2 formulations x 5 roots). 
Table 38. Average percent lodged estimates obtained from methods of application experiment. Ames, 
Iowa, 1969® 
Pounds Method ^ _ , ^b 
Mean percent lodged 
acre application Formulation Thimet Dasanit Furadan Bux Dyfonate 
1.0 Planting Liquid 29 42 38 31 22 
1.0 Granular 37 25 33 34 15 
4.0 Broadcast Liquid 52 34 38 38 19 
4.0 tl Granular 37 41 34 46 24 
1.0 Post-plant Liquid 34 32 40 37 28 
1.0 tl Granular 25 34 28 28 37 
1.0 Fert.-insect. Liquid 31 44 36 29 21 
1.0 II Granular 43 48 39 32 31 
Check^ 46 48 41 41 40 
^Plots were evaluated on September 27, 1969. 
^Each mean is based on 4 plot observations. 
^Each mean is based on 8 plot observations (4 replications x 2 formulations). 
